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Abstract—Fifth-generation (5G) communication, which has 
many more features than fourth-generation communication, will 
be officially launched very soon. A new paradigm of wireless 
communication, the sixth-generation (6G) system, with the full 
support of artificial intelligence is expected to be deployed 
between 2027 and 2030. In beyond 5G, there are some 
fundamental issues, which need to be addressed are higher 
system capacity, higher data rate, lower latency, and improved 
quality of service (QoS) compared to 5G system. This paper 
presents the vision of future 6G wireless communication and its 
network architecture. We discuss the emerging technologies such 
as artificial intelligence, terahertz communications, optical 
wireless technology, free space optic network, blockchain, three-
dimensional networking, quantum communications, unmanned 
aerial vehicle, cell-free communications, integration of wireless 
information and energy transfer, integration of sensing and 
communication, integration of access-backhaul networks, 
dynamic network slicing, holographic beamforming, and big data 
analytics that can assist the 6G architecture development in 
guaranteeing the QoS. We present the expected applications with 
the requirements and the possible technologies for 6G 
communication. We also outline the possible challenges and 
research directions to reach this goal. 
Index Terms—5G, 6G, artificial intelligence, automation, 
beyond 5G, data rate, massive connectivity, virtual reality, 
terahertz.   
I. INTRODUCTION 
We are moving toward a society of fully automated and 
remote management systems. The very rapid development of 
various emerging applications, such as artificial intelligence 
(AI), virtual reality, three-dimensional (3D) media, and the 
internet of everything (IoE), has led to a massive volume of 
traffic [1]. The global mobile traffic volume was 7.462 
EB/month in 2010, and this traffic is predicted to be 5016 
EB/month in 2030 [2]. This statistic clearly depicts the 
importance of the improvement of communication systems. 
Autonomous systems are becoming popular in every sector of 
society, such as industry, health, roads, oceans, and space. To 
provide a smart life and automated systems, millions of 
sensors will be embedded into cities, vehicles, homes, 
industries, foods, toys, and other environments. Hence, a high-
data-rate with reliable connectivity will be required to support 
these applications. In certain parts of the world, fifth-
generation (5G) wireless networks have already been deployed. 
By 2020, it is expected that 5G will be fully deployed 
worldwide.  
5G networks will not have the capacity to deliver a 
completely automated and intelligent network that provides 
everything as a service and a completely immersive 
experience [3]. Although, the 5G communication systems that 
are going to be released very soon will offer significant 
improvements over the existing systems, they will not be able 
to fulfill the demands of future emerging intelligent and 
automation systems after 10 years [4]. The 5G network will 
provide new features and provide better quality of service 
(QoS) as compared with fourth-generation (4G) 
communications [5]–[8]. The 5G technology will include 
several new additional techniques, such as new frequency 
bands (e.g., the millimeter wave (mmWave) and the optical 
spectra), advanced spectrum usage and management, and the 
integration of licensed and unlicensed bands [4]. Nevertheless, 
the fast growth of data-centric and automated systems may 
exceed the capabilities of 5G wireless systems. Certain 
devices, such as virtual reality (VR) devices need to go 
beyond 5G (B5G) because they require a minimum of 10 
Gbps data rate [1]. Hence, with 5G reaching its limits in 2030, 
the design goals for its next step are already being explored in 
literature.  
To overcome the constraints of 5G for supporting new 
challenges, a sixth-generation (6G) wireless system will need 
to be developed with new attractive features. The key drivers 
of 6G will be the convergence of all the past features, such as 
network densification, high throughput, high reliability, low 
energy consumption, and massive connectivity. The 6G 
system would also continue the trends of the previous 
generations, which included new services with the addition of 
new technologies. The new services include AI, smart 
wearables, implants, autonomous vehicles, computing reality 
devices, sensing, and 3D mapping [9]. The most important 
requirement for 6G wireless networks is the capability of 
handling massive volumes of data and very high-data-rate 
connectivity per device [1]. 
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Fig. 1 The predicted growth of global mobile connectivity during 2020-2030 
[33]. (a) total global traffic volume, (b)  traffic volume per subscription. 
 
TABLE 1: Global trends of wireless connectivity. 
Issue 2010 
2020 
(Predicted) 
2030 
(Predicted) 
Unit 
Mobile 
subscriptions 
5.32 10.7 17.1 Billion 
Smartphone 
subscriptions 
0.645 1.3 5.0 Billion 
M2M 
subscriptions 
0.213 7.0 97 Billion 
Traffic volume 7.462 62 5016 EB/month 
M2M traffic 
volume 
0.256 5 622 EB/month 
Traffic per 
subscriber 
1.35 10.3 257.1 GB/month 
 
 
The 6G system will increase performance and maximize 
user QoS several folds more than 5G along with some exciting 
features. It will protect the system and secure the user data. It 
will provide comfortable services [10]. The 6G 
communication system is expected to be a global 
communication facility. It is envisioned that the per-user bit 
rate in 6G will be approximately 1 Tb/s in many cases [1], 
[11]. The 6G system is expected to provide simultaneous 
wireless connectivity that is 1000 times higher than 5G. 
Moreover, ultra-long-range communication with less than 1-
ms latency is also expected [12]. The most exciting feature of 
6G is the inclusion of fully supported AI for driving 
autonomous systems. Video-type traffic is likely to be 
dominant among various data traffic systems in 6G 
communications. The most important technologies that will be 
the driving force for 6G are the terahertz (THz) band, AI, 
optical wireless communication (OWC), 3D networking, 
unmanned aerial vehicles (UAV), and wireless power transfer. 
In this paper, we describe how 6G communication systems 
can be developed; we also describe the expected 6G 
technologies, and the research issues required to address the 
needs of future smart networks.  
 The rest of the paper is organized as follows. Section II 
presents the growing trends in the use of mobile 
communications. The possible network architecture with the 
applications of future 6G communication systems is presented 
in Section III. The expected service requirements and the 
network characteristics in 6G communication systems are 
presented in Section IV. The possible key technologies for the 
development of 6G system are briefly discussed in Section V. 
In Section VI, we present the various research activities on 6G. 
We provide the key challenges and the research directions to 
reach the goal of 6G in Section VII. Finally, we draw our 
conclusions in Section VIII.  
II. TRENDS IN MOBILE COMMUNICATIONS 
Since the beginning of the first analog communication 
system in the 1980s, a new generation of communication 
systems has been introduced almost every ten years. The 
transfer from one generation to another improves the QoS 
metrics, includes new services, and provides new features. 
During the last ten years, mobile data traffic has grown 
tremendously because of the introduction of smart devices and 
machine-to-machine (M2M) communications. Fig. 1 depicts 
the exponential growth of mobile connectivity. It is expected 
that the global mobile traffic volume will increase 670 times 
in 2030 as compared with the mobile traffic in 2010 [2]. The 
International Telecommunication Union (ITU) forecasted that 
by the end of 2030, the overall mobile data traffic volume will 
exceed 5 ZB per month. The number of mobile subscriptions 
will reach 17.1 billion as compared with 5.32 billion in 2010. 
Moreover, the use of M2M connectivity will also increase 
exponentially. The traffic volume for each of the mobile 
devices will also increase. The traffic volume of a mobile 
device in 2010 was 5.3 GB per month. However, this volume 
will increase 50 times in 2030. The number of M2M 
subscription will increase 33 times in 2020 and 455 times in 
2030, as compared with 2010. Table 1 presents a few 
comparisons of the use of mobile connectivity in 2010, 2020, 
and 2030.  
Recently, research interests have shifted to data-driven 
adaptive and intelligent methods. The upcoming 5G wireless 
networks will build a foundation of intelligent networks that 
provide AI operations [3]. It is estimated that by 2030, the 
capacity of 5G will reach its limit [12]. Then, fully intelligent 
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Fig. 2. Possible 6G communication architecture scenario. 
network adaptation and management for providing advanced 
services will only be realized using 6G networks. Hence, 6G 
wireless communications is the result of the user needs 
growing beyond what the 5G network can offer. Researchers 
worldwide are already studying what 6G communications 
would be like in 2030; they are also looking at the possible 
drivers for successful 6G wireless communications. A few of 
the key motivating trends behind the evolution of 6G 
communication systems are as follows: high bit rate, high 
reliability, low latency, high energy efficiency, high spectral 
efficiency, new spectrums, green communication, intelligent 
networks, network availability, and convergence of 
communications, localization, computing, control, and 
sensing; 6G will be a fully digital and connected world. 
III. PROSPECTS AND APPLICATIONS 
AI will be integrated into the 6G communication systems. 
All the network instrumentation, management, physical layer 
signal processing, resource management, service-based 
communications, and so on will be incorporated by using AI 
[12]. It will foster the Industry 4.0 revolution, which is the 
digital transformation of industrial manufacturing [13]. Fig. 2 
shows the communication architecture scenario toward 
envisioning the 6G communication systems. Some key 
prospects and applications of 6G wireless communication are 
briefly described below. 
Super-smart society: The superior features of 6G will 
accelerate the building of smart societies leading to life quality 
improvements, environmental monitoring, and automation 
using AI-based M2M communication and energy harvesting 
[13]. The 6G wireless connectivity will make our society 
super smart through the use of smart mobile devices, 
autonomous vehicles, and so on. In addition, many cities in the 
world will deploy flying taxis based on 6G wireless 
technology. Smart homes will become a reality because any 
device in a remote location will be controlled by using a 
command given from a smart device.  
Extended reality: Extended reality (hereinafter XR) services 
including augmented reality (AR), mixed reality (MR), and 
VR are very important features of 6G communication systems. 
All these features use 3D objects and AI as their key driving 
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elements. Besides providing perceptual requirements of 
computing, cognition, storage, human senses, and physiology, 
6G will provide a truly immersive AR/MR/VR experience by 
joint design integration and high-quality 6G wireless 
connectivity [9]. VR is a computer-simulated 3D experience in 
which computer technologies use reality headsets to generate 
realistic sensations and replicate a real environment or create 
an imaginary world. A true VR environment engages all five 
senses. AR is a live view of a physical real world whose 
elements are augmented by various computer-generated sensor 
inputs, such as audio, video, visuals, and global positioning 
system (GPS) data. It uses the existing reality and adds to it by 
using a device of some sort. MR merges the real and the virtual 
worlds to create new atmospheres and visualizations to interact 
in real-time. It is also sometimes named as hybrid reality. One 
important characteristic of MR is that the artificial and real 
world contents can respond to one another in real-time. XR 
refers to all combined real and virtual environments and 
human–machine interactions generated by computer 
technology and wearables. It includes all its descriptive forms 
such as AR, VR, and MR. It brings together AR, VR, and MR 
under one term. The high-data-rate, low latency, and highly 
reliable wireless connectivity provided in the 6G system is very 
important for a genuine XR (i.e., AR, VR, and MR) experience.  
Connected robotics and autonomous systems: Currently, a 
number of automotive technology researchers have been 
investigating automated and connected vehicles. The 6G 
systems help in the deployment of connected robots and 
autonomous systems. The drone-delivery UAV system is an 
example of such a system. The automated vehicle based on 6G 
wireless communication can dramatically change our daily 
lifestyles. The 6G system will promote the real deployment of 
self-driving cars (autonomous cars or driverless cars). A self-
driving car perceives its surroundings by combining a variety 
of sensors, such as light detection and ranging (LiDAR), radar, 
GPS, sonar, odometry, and inertial measurement units. The 6G 
system will support reliable vehicle-to-everything and vehicle-
to-server connectivity. A UAV is a type of unmanned aircraft. 
The ground-based controller and the system communications 
between the UAV and the ground will be supported by 6G 
networks. UAVs help in many fields such as military, 
commerce, science, agriculture, recreation, law and order, 
product delivery, surveillance, aerial photography, disaster 
management, and drone racing. Moreover, the UAV will be 
used to support wireless broadcast and high rate transmissions 
when the cellular base station (BS) is absent or not working 
[14]. 
Wireless brain–computer interactions: The brain–computer 
interface (BCI) is an approach to control the appliances that 
are used daily in smart societies, especially the appliances 
used at home and in medical systems [15], [16]. It is a direct 
communication path between the brain and external devices. 
BCI acquires the brain signals that transmit to a digital device 
and analyze and interpret the signals into further commands or 
actions. The features of 6G wireless communication will 
support the true implementation of BCI systems for living a 
smart life. 
Haptic Communication: Haptic communication is a branch 
of nonverbal communication that uses the sense of touch. The 
proposed 6G wireless communication will support haptic 
communication; remote users will be able to enjoy haptic 
experiences through real-time interactive systems [17]. The 
implementation of haptic systems and applications will be 
facilitated by the superior features of 6G communication 
networks. 
Smart healthcare: Medical health systems will also benefit 
by the 6G wireless systems because innovations, such as 
AR/VR, holographic telepresence, mobile edge computing, 
and AI, will help build smart healthcare systems [13]. A 
reliable remote monitoring system in the healthcare system 
will be facilitated by the 6G systems. Even remote surgery 
will be made possible by using 6G communication. A high-
data-rate, low latency, and ultra-reliable 6G network will help 
to quickly and reliably transport huge volumes of medical data, 
which can improve both the access to care and the quality of 
care. 
Automation and manufacturing: Full automation based on 
AI will be provided by 6G. The term “automation” refers to 
the automatic control of processes, devices, and systems. The 
6G automation systems will provide highly reliable, scalable, 
and secure communications using high-data-rate and low 
latency networks. The 6G system will also provide network 
integrity because it ensures error-free data transfer without any 
data loss between transmission and reception. 
Five sense information transfer: To experience the world 
around them, humans use their five senses of hearing, sight, 
taste, smell, and touch. The 6G communication systems will 
remotely transfer data obtained from the five senses. This 
technology uses the neurological process through sensory 
integration. It detects the sensations from the human body and 
the environment and uses the body effectively within the 
environment and local circumstances. The BCI technology 
will effectively boost this application. 
Internet of everything: IoE is the seamless integration and 
autonomous coordination among a very large number of 
computing elements and sensors, objects or devices, people, 
processes, and data using the internet infrastructure [18]. The 
6G system will provide full IoE support. It is basically a kind 
of internet of things (IoT), but it is an umbrella term that 
integrates the four properties, such as data, people, processes, 
and physical devices, in one frame [19]. IoT is generally about 
the physical devices or objects and communicating with one 
another, but IoE introduces network intelligence to bind all 
people, data, processes, and physical objects into one system. 
IoE will be used for smart societies, such as smart cars, smart 
health, and smart industries. 
IV. SPECIFICATIONS AND REQUIREMENTS 
5G technologies have been associated with trade-offs of 
several issues such as throughput, delay, energy efficiency, 
deployment costs, reliability, and hardware complexity. It is 
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TABLE 2: Comparison of 6G with 4G and 5G communication systems 
Issue 4G 5G 6G 
Per device peak 
data rate  
1 Gbps 10 Gbps 1 Tbps 
E2E latency 100 ms 10 ms 1 ms 
Maximum spectral 
efficiency 
15 bps/Hz 30 bps/Hz 100 bps/Hz 
Mobility support Up to 350 
km/hr 
Up to 500 km/hr Up to 1000 
km/hr 
Satellite 
integration 
No No Fully 
AI No Partial Fully 
Autonomous 
vehicle 
No Partial Fully  
XR No  Partial  Fully 
Haptic 
Communication 
No Partial  Fully 
 
very likely that 5G will not be able to meet the market 
demands after 2030. Then, 6G will fill the gap between 5G 
and the market demand. Based on the previous trends and 
predictions of future needs, the main objectives for the 6G 
systems are (i) extremely high data rates per device, (ii) a very 
large number of connected devices, (iii) global connectivity, 
(iv) very low latency, (v) lowering the energy consumption 
with battery-free IoT devices, (vi) ultra-high reliable 
connectivity, and (vii) connected intelligence with machine 
learning capability. Table 2 shows a comparison of 6G with 
the 4G and 5G communication systems. 
A. Service Requirements 
The 6G wireless system will have the following key factors:  
 Enhanced mobile broadband (eMBB) 
 Ultra-reliable low latency communications (URLLC) 
 Massive machine-type communication (mMTC) 
 AI integrated communication 
 Tactile internet  
 High throughput 
 High network capacity 
 High energy efficiency 
 Low backhaul and access network congestion 
 Enhanced data security 
It is estimated that the 6G system will have 1000 times 
higher simultaneous wireless connectivity than the 5G system. 
URLLC, which is a key 5G feature, will be a key driver again 
in 6G communication by providing end-to-end (E2E) delay of 
less than 1 ms [12]. Volume spectral efficiency, as opposed to 
the often-used area spectral efficiency, will be much better in 
6G [12]. The 6G system will provide ultra-long battery life 
and advanced battery technology for energy harvesting. In 6G 
systems, mobile devices will not need to be separately charged.  
B. New Network Characteristics 
Satellites integrated network: To provide global mobile 
collectivity, 6G is expected to integrate with satellites. 
Integrating terrestrial, satellite, and airborne networks into a 
single wireless system will be crucial for 6G. 
Connected intelligence: In contrast to the earlier generation 
of wireless communication systems, 6G will be transformative, 
and will update the wireless advancement from “connected 
things” to “connected intelligence” [20]. AI will be introduced 
in each step of the communication process. The pervasive 
introduction of AI will produce a new paradigm of 
communication systems. 
Seamless integration of wireless information and energy 
transfer: The 6G wireless networks will also transfer power to 
charge battery devices, such as smartphones and sensors. 
Hence, wireless information and energy transfer (WIET) will 
be integrated. 
Ubiquitous super 3D connectivity: Accessing the network 
and core network functionalities on drones and very low earth 
orbit satellites will make the super-3D connectivity in 6G 
ubiquitous. 
C. Few General Requirements in Network Characteristics 
Small cell networks: The idea of small cell networks has 
been introduced to improve the received signal quality as a 
consequence of throughput, energy efficiency, and spectral 
efficiency enhancement in cellular systems [21]–[23]. As a 
result, small cell networks are an essential characteristic for 
the 5G and beyond (5GB) communication systems. Therefore, 
6G communication systems also adopt this network 
characteristic.  
Ultra-dense heterogeneous networks: Ultra-dense 
heterogeneous networks [24], [25] will be another important 
characteristic of 6G communication systems. Multi-tier 
networks consisting of heterogeneous networks will improve 
the overall QoS and reduce the cost. 
High-capacity backhaul: The backhaul connectivity must 
be characterized by high-capacity backhaul networks to 
support a huge volume of traffic. High-speed optical fiber and 
free space optical (FSO) systems are possible solutions for this 
problem.  
Radar technology integrated with mobile technologies: 
High-accuracy localization with communication is also one of 
the features of the 6G wireless communication system. Hence, 
radar systems will be integrated with 6G networks. 
Softwarization and virtualization: Softwarization and 
virtualization are two important features that are the basis of 
the design process in 5GB networks to ensure flexibility, 
reconfigurability, and programmability. Moreover, they will 
allow to share the billions of devices in a shared physical 
infrastructure. 
V. KEY ENABLING TECHNOLOGIES OF 6G 
The 6G system will be driven by many technologies. A few 
expected key technologies for 6G are discussed below. 
Artificial Intelligence: The most important and newly 
introduced technology for 6G communication systems is AI 
[26]–[30]. There was no involvement of AI for 4G 
communication systems. The upcoming 5G will support 
partial or very limited AI. However, 6G will be fully 
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supported by AI for automatization. Advancements in machine 
learning will create more intelligent networks for real-time 
communications in 6G. The introduction of AI in 
communication will simplify and improve the transport of 
real-time data. Using numerous analytics, AI can determine 
the way a complex target job is performed. AI will increase 
the efficiency and reduce the processing delay of the 
communication steps. Time-consuming tasks, such as 
handover and network selection, can be performed promptly 
by using AI. AI will also play a vital role in M2M, machine-
to-human, and human-to-machine communications. It will 
also prompt communication in the BCI. AI-based 
communication systems will be supported by metamaterials, 
intelligent structures, intelligent networks, intelligent devices, 
intelligent cognitive radio, self-sustaining wireless networks, 
and machine learning. 
Terahertz communications: Spectral efficiency can be 
increased by increasing the bandwidth; this can be done by 
using sub-THz communication with wide bandwidths and by 
applying advanced massive multiple input, multiple output 
(MIMO) technologies. The RF band has been almost 
exhausted, and now it is insufficient to meet the high demands 
of 6G. The THz band will play an important role in 6G 
communication [31], [32]. The THz band is intended to be the 
next frontier of high-data-rate communications. THz waves, 
also known as submillimeter radiation, usually refer to the 
frequency band between 0.1 THz, and 10 THz with the 
corresponding wavelengths in the 0.03 mm–3 mm range [33]. 
According to the recommendations of ITU-R, the 275 GHz–3 
THz band range is considered to be the main part of the THz 
band for cellular communications [33]. The capacity of 6G 
cellular communications will be increased by adding the THz 
band (275 GHz–3THz) to the mmWave band (30–300 GHz). 
The band within the range of 275 GHz–3 THz has not yet been 
allocated for any purpose worldwide; therefore, this band has 
the potential to accomplish the desired high data rates [32]. 
When this THz band is added to the existing mmWave band, 
the total band capacity increases a minimum of 11.11 times. 
Of the defined THz bands, 275 GHz–3THz, and 275 GHz–300 
GHz lie on the mmWave, and 300 GHz–3 THz lie on the far 
infrared (IR) frequency band. Even though the 300 GHz–3 
THz band is part of the optical band, it is at the boundary of 
the optical band and immediately after the RF band. Hence, 
this 300 GHz–3 THz band shows similarities with the RF. 
THz heightens the potentials and challenges of high frequency 
communications [4].  
The key properties of THz communications include (i) 
widely available bandwidth to support very high data rates (ii) 
high path loss arising from the high frequency (highly 
directional antennas will most probably be indispensable) [1]. 
The narrow beamwidths generated by the highly directional 
antennas reduce the interference. The small wavelength of the 
THz signals allows a much greater number of antenna 
elements to be incorporated into the devices and BSs operating 
in this band. This allows the use of advanced adaptive array 
technologies that can overcome the range limitations [1]. 
Optical wireless technology: OWC technologies are 
envisioned for 6G communications in addition to RF-based 
communications for all possible device-to-access networks; 
these networks also access network-to-backhaul/fronthaul 
network connectivity. OWC technologies are already being 
used since 4G communication systems. However, it will be 
used more widely to meet the demands of 6G communication 
systems. OWC technologies, such as light fidelity, visible light 
communication, optical camera communication, and FSO 
communication based on the optical band are already well-
known technologies [34]–[37]. Researchers have been 
working on enhancing the performance and overcoming the 
challenges of these technologies. Communication based on 
optical wireless technologies can provide very high data rates, 
low latencies, and secure communications. LiDAR, which is 
also based on the optical band, is a promising technology for 
very-high-resolution 3D mapping in 6G communications. 
FSO backhaul network: It is not always possible to have 
optical fiber connectivity as a backhaul network because of 
remote geographical locations and complexities. The FSO 
backhaul network is very promising for 5GB communication 
systems [38]–[40]. The transmitter and receiver characteristics 
of the FSO system are similar to those of optical fiber 
networks. Therefore, the data transfer in the FSO system is 
comparable with the optical fiber system. Hence, along with 
the optical fiber networks, FSO is an excellent technology for 
providing backhaul connectivity in 6G. Using FSO, it is 
possible to have very long range communications even at a 
distance of more than 10,000 km. FSO supports high-capacity 
backhaul connectivity for remote and non-remote areas, such 
as the sea, outer space, underwater, isolated islands; FSO also 
supports cellular BS connectivity.  
Massive multiple input, multiple output technique: One key 
technique to improve spectral efficiency is the application of 
the MIMO technique [41], [42]. When the MIMO technique 
improves, the spectral efficiency also improves. Therefore, a 
massive MIMO technology will be crucial in the 6G system. 
Blockchain: Blockchain will be an important technology to 
manage massive data in future communication systems [43]–
[45]. Blockchains are just one form of the distributed ledger 
technology. A distributed ledger is a database that is distributed 
across numerous nodes or computing devices. Each node 
replicates and saves an identical copy of the ledger. The 
blockchain is managed by peer-to-peer networks. It can exist 
without being managed by a centralized authority or a server. 
The data on a blockchain is gathered together and structured in 
blocks. The blocks are connected to one another and secured 
using cryptography. The blockchain is essentially a perfect 
complement to the massive IoT with improved interoperability, 
security, privacy, reliability, and scalability [46]. Therefore, 
the blockchain technology will provide several facilities, such 
as interoperability across devices, traceability of massive data, 
autonomic interactions of different IoT systems, and reliability 
for the massive connectivity of 6G communication systems.  
3D networking: The 6G system will integrate the ground 
and airborne networks to support communications for users in 
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the vertical extension. The 3D BSs will be provided through 
low orbit satellites and UAVs [47], [48]. The addition of new 
dimensions in terms of altitude and related degrees of freedom 
makes 3D connectivity considerably different from the 
conventional 2D networks.  
Quantum communications: Unsupervised reinforcement 
learning in networks is promising in the context of 6G 
networks. Supervised learning approaches will not feasible for 
labeling huge volumes of data generated in 6G. Unsupervised 
learning does not need labeling. Hence, this technique can be 
used for autonomously building the representations of 
complex networks. By combining reinforcement learning and 
unsupervised learning, it is possible to operate the network in 
a truly autonomous fashion [3]. 
Unmanned aerial vehicle: UAVs or drones will be an 
important element in 6G wireless communications. In many 
cases, high-data-rate wireless connectivity will be provided 
using the UAV technology. The BS entities will be installed in 
UAVs to provide cellular connectivity. A UAV has certain 
features that are not found in fixed BS infrastructures, such as 
easy deployment, strong line-of-sight links, and degrees of 
freedom with controlled mobility [12]. During emergency 
situations, such as natural disasters, the deployment of 
terrestrial communication infrastructures is not economically 
feasible, and sometimes it is not possible to provide any 
service in volatile environments. UAVs can easily handle 
these situations. A UAV will be the new paradigm in the field 
of wireless communication. This technology can facilitate 
three fundamental requirements of wireless networks that are, 
eMBB, URLLC, and mMTC [14]. UAVs can also serve 
several purposes, such as the enhancement of network 
connectivity, fire detection, emergency services in disaster, 
security and surveillance, pollution monitoring, parking 
monitoring, accident monitoring, and so on. Therefore, UAV 
technology is recognized as one of the most important 
technologies for 6G communication. 
Cell-free communications: The tight integration of multiple 
frequencies and heterogeneous communication technologies 
will be crucial in 6G systems. As a result, the user will move 
seamlessly from one network to another network without the 
need for making any manual configurations in the device [4]. 
The best network will be automatically selected from the 
available communication technology. This will break the 
limits of the concept of cells in wireless communications. 
Currently, the user movement from one cell to another cell 
causes too many handovers in dense networks, and also causes 
handover failures, handover delays, data losses, and the ping-
pong effect. The 6G cell-free communications will overcome 
all these and provide better QoS. Cell-free communication will 
be achieved through multi-connectivity and muti-tier hybrid 
techniques and by different and heterogeneous radios in the 
devices [4]. 
Integration of wireless information and energy transfer: 
WIET in communication will be one of the most innovative 
technologies in 6G. WIET uses the same fields and waves as 
wireless communication systems. In particular, sensors and 
smartphones will be charged by using wireless power transfer 
during communication. WIET is a promising technology for 
lengthening the lifetime of the battery-charging wireless 
systems [49]. Hence, devices without batteries will be 
supported in 6G communications.  
Integration of sensing and communication: A key driver for 
autonomous wireless networks is the capability to 
continuously sense the dynamically changing states of the 
environment and exchange the information among different 
nodes [50]. In 6G, the sensing will be tightly integrated with 
communication to support autonomous systems. 
Integration of access-backhaul networks: The density of the 
access networks in 6G will be huge. Each access network is 
connected with backhaul connectivity, such as optical fibers 
and FSO networks. To cope with the very large number of 
access networks, there will be tight integration between the 
access and backhaul networks. 
Dynamic network slicing: Dynamic network slicing permits 
a network operator to allow dedicated virtual networks to 
support the optimized delivery of any service toward a wide 
range of users, vehicles, machines, and industries. It is one of 
the most important elements for management when a large 
number of users are connected to a large number of 
heterogeneous networks in 5GB communication systems.  
Holographic beamforming: Beamforming is a signal 
processing procedure by which an array of antennas can be 
steered to transmit radio signals in a specific direction. It is a 
subset of smart antennas or advanced antenna systems. The 
beamforming technique has several advantages, such as a high 
signal-to-noise ratio, interference prevention, and rejection, 
and high network efficiency. Holographic beamforming 
(HBF) is a new method for beamforming that is considerably 
different from the MIMO systems because it uses software-
defined antennas. HBF will be a very effective approach in 6G 
for the efficient and flexible transmission and reception of 
signals in multi-antenna communication devices. 
Big data analytics: Big data analytics is a complex process 
for analyzing a variety of large data sets or big data. This 
process uncovers information, such as hidden patterns, 
unknown correlations, and customer inclinations, to ensure 
perfect data management. The big data is collected from a 
wide variety of sources, such as videos, social networks, 
images, and sensors. This technology will be widely used for 
handling of huge data in 6G systems. 
VI. STANDARDIZATION AND RESEARCH ACTIVITIES 
The 5G specifications have already been prepared, and even 
though it has already been launched in some parts of the world, 
the full phase of 5G will be deployed in 2020. Research 
activities on 6G are in their initial stages. From 2020, a 
number of studies will be performed worldwide on the 
standardization of 6G; 6G communication is still in its infancy. 
Many researchers have defined 6G as B5G or 5G+. 
Preliminary research activities have already started in the 
United States of America. The US president has requested the 
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deployment of 6G in the country. China has already started the 
concept study for the development and standardization of 6G 
communications in 2019. The Chinese are planning for active 
research work on 6G in 2020. Most European countries, Japan, 
and Korea are planning several 6G projects. The research 
activities on 6G are expected to start in 2020. In this section, 
we present a few research activities, and standardization 
efforts. Table 3 presents the summary of a few studies on 6G 
communication. 
Samsung Electronics: Samsung Electronics has opened an 
R&D center for the development of essential technologies for 
6G mobile networks. To accelerate the development of 
solutions and for the standardization of 6G, Samsung research 
is conducting extensive research on cellular technologies; they 
have upgraded a next-generation telecommunication research 
team to a center. 
Finnish 6G Flagship program: University of Oulu began 
the 6G research activities under Finland’s flagship program. 
Research in 6G Flagship is organized into four unified planned 
research parts: wireless connectivity, distributed computing, 
services, and applications. Scientific innovations will be 
developed for important technology components of 6G 
systems. 
International Telecommunication Union: Standardization 
activities on 5G of the ITU radio communication sector ITU-R 
was based on IMT-2020. Consequently, ITU-R will probably 
release IMT-2030, which will summarize the possible 
requirements of mobile communications in 2030 (i.e., 6G). 
6G wireless summit: A successful first 6G wireless summit 
was held in Lapland, Finland, in March 2019. A wide and 
effective discussion was performed by academicians, industry 
persons, and vendors from all over the world. Pioneering 
TABLE 3: Summary of current studies on 6G 
Reference Contribution and Research Direction 
[3] 
A comprehensive review of machine learning, quantum computing, and quantum machine learning and their potential benefits, issues, and 
use cases for their applications in the B5G networks is presented. A quantum computing assisted framework for 6G communication 
networks is also proposed. 
[4] Few 6G use cases were presented. It also tries to estimate 6G requirements. 
[9] 
The primary drivers of 6G applications and accompanying technological trends are discussed. In addition, a set of service classes and their 
target 6G performance requirements are proposed. 
[12] An extended vision of 5G from the viewpoint of the required changes for enabling 6G is presented. 
[14] A comprehensive survey on UAV communications toward 5G/B5G wireless networks is presented. 
[20] 
Possible technologies to enable mobile AI applications for 6G and AI-enabled approaches for 6G network design and optimization are 
discussed. 
[26] AI revolution for 6G wireless networks is discussed. 
[27] The role of Edge AI in future 6G communication is discussed. 
[28] 
The use of modern random access for IoT applications in 6G is proposed. In addition, a short overview of the recent advances in  
uncoordinated medium access is provided. 
[29] 
A vision for machine-type communication in 6G is discussed. Some relevant performance indicators and a few technologies are also 
presented. 
[30] A survey of intelligent reflecting surfaces for 6G wireless communications is presented. 
[51] 
The consequence of temporal correlation for joint success probability and the distribution of the number of interferers for UAV networks is 
analyzed.  
[52] 
The theoretical performance limits of reconfigurable intelligent surface-assisted communication systems on the potential use cases of 
intelligent surfaces in 6G wireless networks is presented. 
[53] A time-efficient neighbor discovery protocol for the THz band communication networks is proposed. 
[54] A new multiple-access method and delta-orthogonal multiple access for massive access in 6G cellular networks is proposed 
[55] 
The potential directions to achieve further flexibility in radio access technologies B5G is discussed. In addition, a framework for 
developing flexible waveform, numerology, and frame design strategies is also proposed. 
[56] 
A pair of bottlenecks that severely limit the integrated space and terrestrial network capacity are discussed. In addition, a review of the 
family of wireless communication technologies suitable for supporting such backbone links are presented. 
[57] The potential 6G techniques and an overview of the latest research on the promising techniques evolving for 6G are discussed. 
[58] 
Some technical challenges and opportunities for wireless communication and sensing applications above 100 GHz is presented. Moreover, 
a number of discoveries, approaches, and recent results that will help in the development and implementation of 6G wireless networks is 
also discussed. 
[59] A list of technical topics considering B5G is presented.  
[60] The benefit of data centers from 6G technologies, particularly in assuring flexibility and adaptability is presented. 
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wireless communication researchers were present at the 
summit. Moreover, the world’s leading telecom companies 
also attended the summit. This 6G summit initiates the 
discussions on key issues, such as the motivation behind 6G, 
the way to move from 5G to 6G, the current industry trends 
for 6G, and the enabling technologies.  
VII. CHALLENGES AND FUTURE RESEARCH DIRECTIONS 
Several technical problems need to be solved to 
successfully deploy 6G communication systems. A few of 
possible concerns are briefly discussed below. 
High propagation and atmospheric absorption of THz: The 
high THz frequencies provide high data rates. However, the 
THz bands need to overcome an important challenge for data 
transfer over relatively long distances because of the high 
propagation loss, and atmospheric absorption characteristics 
[1]. We require a new design for the transceiver architecture 
for the THz communication systems. The transceiver must be 
able to operate at high frequencies, and we need to ensure the 
full use of very widely available bandwidths. A very small 
gain and an effective area of the distinct THz band antennas is 
another challenge of THz communication. Health and safety 
concerns related to THz band communications also need to be 
addressed. 
Complexity in resource management for 3D networking: 
The 3D networking extended in the vertical direction. Hence, 
a new dimension was added. Moreover, multiple adversaries 
may intercept legitimate information, which may significantly 
degrade the overall system performance. Therefore, new 
techniques for resource management and optimization for 
mobility support, routing protocol, and multiple access are 
essential. Scheduling needs a new network design.  
Heterogeneous hardware constraints: In 6G, a very large 
number of heterogeneous types of communication systems, 
such as frequency bands, communication topologies, service 
delivery, and so on, will be involved. Moreover, the access 
points and mobile terminals will be significantly different in 
the hardware settings. The massive MIMO technique will be 
further upgraded from 5G to 6G, and this might require a more 
complex architecture. It will also complicate the 
communication protocol and the algorithm design. However, 
machine learning and AI will be included in communication. 
Moreover, the hardware design for different communication 
systems is different. Unsupervised and reinforcement learning 
may create complexities in hardware implementation as well. 
Consequently, it will be challenging to integrate all the 
communication systems into a single platform.  
Autonomous wireless systems: The 6G system will provide 
full support to automation systems such as autonomous car, 
UAVs, and Industry 4.0 based on AI. To make autonomous 
wireless systems, we need to have the convergence of many 
heterogeneous sub-systems, such as autonomous computing, 
interoperable processes, system of systems, machine learning, 
autonomous cloud, machines of systems, and heterogeneous 
wireless systems [60]. Thus, the overall system development 
becomes complex and challenging. For example, developing a 
fully autonomous system for the driverless vehicle will be 
much more challenging because 6G researchers need to design 
fully automated self-driving vehicles that perform better than 
the human-controlled vehicles. 
Modeling of sub-mmWave (THz) frequencies: The 
propagation characteristics of the mmWave and sub-mmWave 
(THz) is subject to atmospheric conditions; therefore, 
absorptive and dispersive effects are seen [61]. The 
atmospheric condition is frequently changeable and thus quite 
unpredictable. Therefore, the channel modeling of this band is 
relatively complex, and this band does not have any perfect 
channel model. 
Device capability: The 6G system will provide a number of 
new features. Devices, such as smartphones, should have the 
capability to cope with the new features. In particular, it is 
challenging to support 1 Tbps throughput, AI, XR, and 
integrated sensing with communication features using 
individual devices. The 5G devices may not support few of the 
6G features, and the capability improvement in 6G devices 
may increase the cost as well. There will be billions of devices 
connected to the 5G technology; therefore, we need to ensure 
that those devices are compatible with the 6G technology also. 
High-capacity backhaul connectivity: The access networks 
in 6G will have a very high density. Moreover, these access 
networks are diverse in nature and widespread within a 
geographical location. Each of these access networks will 
support very high-data-rate connectivity for diverse types of 
users. The backhaul networks in 6G must handle the huge 
volume of data for connecting between the access networks 
and the core network to support high-data-rate services at the 
user level; otherwise, a bottleneck will be created. The optical 
fiber and FSO networks are possible solutions for high-
capacity backhaul connectivity; therefore, any improvement in 
the capacity of these networks is challenging for the 
exponentially growing data demands of 6G. 
Spectrum and interference management: Due to the scarcity 
of the spectrum resources and interference issues, it is very 
important to efficiently manage the 6G spectra including the 
spectrum-sharing strategies and innovative spectrum 
management techniques. Efficient spectrum management is 
important for achieving the maximum resource utilization with 
QoS maximization. In 6G, researchers have to address 
concerns, such as how to share the spectrum, and how to 
manage the spectrum mechanism in the heterogeneous 
networks that synchronize the transmission at the same 
frequency. Researchers also need to investigate how the 
interference can be cancelled using the standard interference 
cancellation methods, such as parallel interference 
cancellation, and successive interference cancellation. 
Beam management in THz communications: Beamforming 
through massive MIMO systems is promising technology for 
supporting high-data-rate communications. However, beam 
management in sub-mmWave, that is, the THz band is 
challenging because of the propagation characteristics of the 
sub-mmWave. Hence, efficient beam management against 
unfavorable propagation characteristics will be challenging for 
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massive MIMO systems [38]. However, for seamless 
handover, it is also important to choose the optimal beam 
efficiently in high-speed vehicular systems. 
VIII. CONCLUSION 
Each generation of communication system brings new and 
exciting features. The 5G communication system, which will 
be officially launched worldwide in 2020, has exciting 
features. However, 5G will not be able to fully support the 
growing demand for wireless communication in 2030. 
Therefore, 6G will need to be rolled out. Research on 6G is 
still in its infancy and in the study phase. This paper envisions 
the prospects and ways to reach the goal of 6G communication. 
In this paper, we presented the possible applications and the 
technologies to be deployed for 6G communication. We also 
described the possible challenges and research directions to 
reach the goals for 6G. Besides clarifying the vision and goal 
of 6G communications, we have stated the various 
technologies that could be used for 6G communication.   
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